RAPOPORT,
A., T. were anesthetized with sodium pentobarbital and given infusions of 0.9 % saline at a rate of I ml/min. for the course of the experiment.
Perineotomies were then performed and a Foley retention catheter inserted into the bladder.
The lower ends of the ureters were exposed through a mid-line incision and cut. The cut ends of the ureters proximal to the bladder were tied, the ends proximal to the kidneys catheterized and the urine collected.
In one set of experiments the bladder was washed three times with IO-ml lots of distilled water and then three times with IO-ml portions of the test solution. refers to the aliquot withdrawn immediately following the introduction of the 50 ml of test solution into the bladder and after an amount equal to the measured capacity of the catheter had been discarded.
In five experiments additional samples were taken every IO minutes during the I st hour.
In the second group of experiments IO ml of saline solution varying in sodium concentration from 3 to 264 mEq/l. and containing 20 PC of Na22 were carefully introduced into the bladders of the dogs and washed in with two 5-ml portions of the same solution containing no Na22. The pH of these solutions varied from 5.5 to 8.0. At the end of 6 hours the bladders were completely drained, washed with two IO-ml lots of distilled water and finally washed with air. The concentrations of stable sodium, Na22, potassium and chloride as well as the pH were measured in the original solutions and in the recovered solutions. The volumes of bladder solutions recovered both before and after the final washes were recorded. Samples of blood were drawn at the end of each experiment and their concentrations of electrolytes and radioactivity estimated. Radioactivity was estimated, also, in the total urine excreted during the course of the experiment.
Sodium and potassium were measured by the flame photometer, Na22 was measured in a well-type scintillation counter, the pH was measured on the Beckman pH meter, chloride was estimated potentiometrically on the Gallenkamp apparatus as described by King and Wootton (5) and creatinine by the method of Bonsnes and Taussky (6) .
RESULTS
In figure I are with osmolarity in the bladder higher than that of the plasma there was a slight fall in the concentration of creatinine.
In four experiments involving bladder solutions with osmolarity at or below that of plasma, the recoveries at the end of 6 hours following the instillation of 20.0 ml of test solution varied from I 7.0 to 19.8 ml (av., I 8.6 ml). In two experiments where the osmolarity of the instilled solution was greater than that of the plasma, the recoveries were 22.0 and 2 I .o ml. Figure 3 , representing the results of the second group of experiments, again demonstrates that the stable sodium or net sodium concentration of the bladder solution varied in the direction of the concentration gradient with plasma. Thus when a solution containing sodium at 3 mEq/l. was introduced into the bladder there was a rise in its sodium value; with an initial concentration of the order of 260 mEq/l.
there was a fall and when the original level approximated that of plasma the change was negligible.
The concentration of Na22 in the bladder solutions invariably fell. Small amounts of radioactivity appeared in the blood and urine in all experiments. In figure 3 it is seen that the rate of decline of Na22 concentration in the bladder solution paralleled the rate of change of Na23 regardless of the direction of the latter. This point is shown more clearly in figure 4 where the change in concentration of Na22 over the 6-hour period is plotted against that of Na23. It should be noted that these are two-point curves and are depicted as linear whereas the curves illustrating the true process of transport, shown in figures I and 2, are obviously nonlinear. For illustrative purposes the direction of change of Na22 in figure 4 has been made to agree with that of the change in Na 23 Thus there appears to be a linear re-. lationship between these two rates of change. In these experiments, also, the bladder chloride concentration moved in the direction of its concentration gradient with plasma, paralleling the changes in stable sodium. Figure 5 , depiciting the changes in pH of the bladder solutions, shows that the movement of hydrogen ion also was in the direction of equilibration with that of plasma.
DISCUSSION
The evidence for the movement of electrolytes across the wall of the urinary bladder appears quite definite. Englund (I) using Na24, P32, K42 and Br82 and Hlad et al. (2) using Na22, C136, K42 and P32 demonstrated that these radioactive isotopes could move through the bladder wall in both directions.
Levinsky and Berliner (3) showed that when the ureter and bladder are perfused at flows of less than I ml/min., movements of electrolytes, water, urea and creatinine occur in the direction of their con- by the use of Na22 (see fig. 3 ), we have shown that transfer of sodium occurs through the wall of the urinary bladder in both directions at the same time. The net transfer of all the electrolytes is in the direction of their concentration gradient with plasma. The changes in bladder contents reported by Englund (I) were relatively small, probably because most of the solutions he used were designed so that the electrolyte under study was present in concentrations equal to that of plasma. In figures 3 and 4 it is seen that the changes in isotope concentrations are least under these conditions. By the use of radioactive isotopes alone, as in the experiments of Englund (I ) and Hlad et al. (2) , the direction of net movement of electrolytes cannot be demonstrated. This is illustrated in the second group of experiments (see fig. 3 ). At initial concentrations of about 2.8 mEq/l.
there was a rise in the stable sodium levels in the bladder solutions whereas at initial values of 260 mEq/l., there was a fall. Yet, in all experiments, there was simultaneous fall in the concentration of Na22. This fall was to be expected as, even at the end of the experiment, the concentration of Na22 in the plasma was so low in relation to that in the bladder as to be essentially zero.
Hlad et al. (2) demonstrated that the rate of transfer of isotopes was influenced by the pH of the bladder solution, the transfer rates being greater for acidic pH's than for more alkaline ones. Our experiments likewise reveal an effect of pH on ion transfer but we have not enough data to suggest a particular pattern of pH influence as demonstrated by Hlad et al. (2) l While it is to be expected that greater changes in the concentrations of sodium will occur in solutions allowed to remain in the bladder for 6 hours than for 3 hours, yet the changes in the second group of experiments ( fig. 3) While the movement of potassium ion in the bladder solution was always in the direction of its concentration gradient
with plasma yet, in most experiments this gradient was opposite in direction to that of the osmotic gradient between the two compartments. Thus concentration gradient takes precedence over osmotic gradient in the transfer of potassium.
Although this point could not be tested in the experiments involving sodium and chloride (where the directions of the two gradients always coincided), nevertheless it is highly probable that the same precedence applies to these ions. The fact that in the case of sodium, potassiurn, chloride and hydrogen ions, the net change in concentration occurs in the direction of their concentration gradient with plasma, suggests that their transport through the bladder wall is passive in nature. Furthermore the parallelism between the rate of decline in concentration of Na22 in the bladder and the rate of change (regardless of direction)
in concentration of stable sodium, demonstrated in seven different animals (see figs. 3 and 4), also favors the concept that the movement of sodium in and out of the bladder is passive.
